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(57)  Device  for  controlling  an  actuator  of  con- 
struction  equipment  prevents  voiding  of  a 
target  actuator,  by  controlling  inertia  load  and 
power  load  and  reducing  heat  generated  in  its 
return  oil  channel  by  means  of  controlling  the 
aperture  of  the  return  oil  channel.  The  device 
includes  directional  control  valve  14a  for  con- 
trolling  a  target  cylinder  15a  of  construction 
equipment.  The  directional  control  valve  is 
switched  and  controlled  by  a  pilot  valve  19a 
which  is  provided  with  an  operating  lever.  A 
meter-out  circuit  is  provided  between  target 
actuator  15a  and  a  tank  line  16,  the  meter-out 
circuit  being  separated  from  a  meter-in  circuit 
which  is  connected  to  control  valve  14a.  A 
meter-out  valve  32  provided  in  the  meter-out 
has  a  throttle  position  and  a  large  aperture 
position,  the  throttle  position  being  adjusted  by 
external  signals  Pi,  corresponding  to  strokes  of 
the  respective  operating  levers.  External  signals 
Pi,  for  controlling  the  aperture  of  meter-out 
valve  32,  are  restricted  so  as  not  to  exceed 
limiter  pressure  which  is  determined  by  func- 
tion  between  the  rotation  speed  of  engine  11 
which  drives  the  source  of  hydraulic  pressure 
and  degree  of  operation  of  operating  levers  of 
other  actuators. F  I  G . l  
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The  present  invention  relates  to  control  devices 
for  actuators.  More  particularly,  the  present  invention 
relates  to  a  control  device  for  an  actuator  of  construc- 
tion  equipment. 

In  conventional  circuits  used  to  control,  for  exam- 
ple,  hydraulic  cylinders,  providing  for  stable  and  con- 
tinuous  operation  has  proven  highly  problematic.  This 
difficulty  is  heightened  by  the  constraints  involved  in 
high-speed  engine  operation.  Attempts  have  been 
made  to  solve  these  problems  using  known  circuits. 

Turning  now  to  Figure  5,  an  example  of  one  of 
such  conventional  circuits  is  shown.  An  oil  feed  chan- 
nel  1  3  is  connected  to  a  discharge  port  of  main  pump 
12  which  is  driven  by  an  engine  11.  The  engine  11  is 
provided  with  a  plurality  of  directional  control  valves 
14a,  14b,  and  14c. 

Working  fluid  is  supplied  to  actuators  15a,  15b 
and  1  5c  through  the  oil  feed  channel  1  3.  The  direction 
of  flow  of  the  fluid  is  controlled  by  respective  spools 
of  control  valves  14a,  14b  and  14c.  Working  fluid  dis- 
charged  from  the  actuators  15b  and  15c  returns  to  a 
tank  line  16,  through  an  oil  return  channel  and  control 
valves  14a,  14b  and  14c. 

Actuator  15a,  a  hydraulic  cylinder,  is  the  target 
cylinder  to  be  controlled.  Spool  valve  14a  controls  tar- 
get  cylinder  15a.  A  plurality  of  pilot  valves  19a,  19b, 
and  1  9c  are  attached  to  a  pilot  pressure  feed  oil  chan- 
nel  18. 

Oil  channel  18  is  connected  to  a  discharge  port 
of  a  pilot  pump  17  driven  by  engine  11,  in  the  same 
manner  as  main  pump  12. 

Each  pilot  valve  19a,  19b,  and  19c  is  provided 
with  an  operating  lever.  The  opening  levers  associat- 
ed  with  each  respective  pilot  valve  19a,  19b  and  19c 
are  controlled  by  an  operator  of  the  construction 
equipment. 

Pilot  lines  a1/a2,  b1/b2,  and  c1/c2  are  connected 
to  the  respective  pilot  valves  19a,  19b,  and  19c.  Pilot 
lines  a1/a2,  b1/b2  and  c1/c2  are  connected  to  pilot 
pressure  receiving  sections  of  the  spools  of  the  cor- 
responding  control  valves. 

In  operation,  the  operating  lever  of  pilot  valve  19a 
is  biased  in  the  direction  of  a1  ,  so  that  cylinder  spool 
14a,  is  shifted  through  pilot  line  a1  from  the  neutral 
position  (as  shown  in  the  drawing).  This  movement  of 
pilot  valve  19a,  to  the  working  position  (the  lower  oil 
channel)  causes  working  fluid  to  be  fed  from  a  meter- 
in  oil  channel  21  ,  through  an  oil  feed  channel  22  1  the 
head  end  of  target  cylinder  15a. 

At  the  same  time,  as  a  result  of  the  extension  of 
target  cylinder  15a,  oil  is  returned  through  an  oil  re- 
turn  channel  23,  to  cylinder  spool  14a,  and  dis- 
charged  to  tank  line  16.  The  oil  is  returned  through  an 
oil  return  channel  23  to  cylinder  spool  14a,  while  be- 
ing  restricted  by  a  return-side  throttle  25.  The  return- 
side  throttle  25  is  disposed  in  a  meter-out  oil  channel 
24,  at  the  working  position  of  the  spool. 

Return-side  throttle  25  is  provided  specially  for 

cylinder  spool  14a.  Although  the  throttle  resistance  of 
return-side  throttle  25,  may  be  adjusted  by  control- 
ling  the  spool  stroke,  cylinder  spool  14a  is  normally 
fixed  at  the  full  stroke.  Cylinder  spool  14a,  is  normally 

5  fixed  at  the  full  stroke  because  pressurized  oil  from 
main  pump  12  is  fully  supplied  through  its  meter-in  oil 
channel  21,  to  target  cylinder  15a.  As  a  result,  meter- 
in  oil  channel  21  is  fully  opened,  and  a  by-pass  oil 
channel  26  is  closed.  This  causes  return-side  throttle 

10  25  to  be  fixed  at  a  specified  throttle  level. 
Regardless  of  the  oil  feeding  quantity  of  the  main 

pump  12,  the  quantity  of  oil  supplied  by  main  pump 
12  is  in  proportion  to  the  speed  of  rotation  of  engine 
11.  Thus,  regardless  of  the  oil  feeding  quantity  of  the 

15  main  pump,  stroke  control  of  cylinder  spool  14a  is  al- 
ways  constant  in  relation  to  the  degree  of  operation 
of  the  operating  lever. 

In  cases  where  the  engine  speed  is  reduced,  or 
other  actuator  spool  or  spools  14b,  14c  are  operated, 

20  an  effect  is  produced  similar  to  the  case  when  the 
aperture  of  return-side  throttle  25  becomes  relatively 
larger.  This  is  because  the  aperture  of  return-side 
throttle  25  is  constant  when  cylinder  spool  14a  is  set 
at  the  full  stroke.  This  is  the  case  in  spite  of  insuff  i- 

25  cient  pump  oil  feed. 
Should  inertia  load  or  gravity  load  of  target  cylin- 

der  15a  be  excessively  large  in  this  condition,  then  its 
cylinder  speed  will  exceed  the  quantity  of  oil  supply. 
In  this  case,  the  target  cylinder  is  prone  to  voiding. 

30  Further,  it  may  result  in  temporary  stopping  and  un- 
stable  operation.  Similarly,  control  of  such  poor  qual- 
ity  results  in  high  levels  of  dissatisfaction  among 
users. 

Simply  making  the  area  of  return-side  throttle 
35  small  in  order  to  eliminate  the  above  drawbacks  pre- 

vents  temporary  stopping  of  the  system  during  oper- 
ation.  This  occurs  at  a  low  engine  speed  or  during  in- 
terlocking  operation  with  other  actuators.  However, 
when  target  cylinder  15a  alone  is  operated  during 

40  high  engine  speed  operation,  a  large  quantity  of  oil  is 
restricted  by  return-side  throttle  25,  which  results  in 
an  enormous  loss  of  heat. 

In  order  to  solve  the  above  problem,  the  present 
invention  controls  the  aperture  of  the  oil  return  chan- 

45  nel  of  a  target  actuator.  This  controls  inertia  load  and 
power  load,  and  prevents  voiding  of  the  target  actua- 
tor.  Similarly  it  reduces  the  calorific  value  (or  heat 
produced  per  unit  mass  due  to  complete  combustion) 
of  the  oil  channel. 

so  Accordingly,  it  is  an  object  of  the  present  inven- 
tion  to  provide  a  control  device  for  an  actuator  for  con- 
struction  equipment  to  control  the  aperture  of  the  oil 
return  channel  of  a  target  actuator. 

It  is  a  further  object  of  the  present  invention  to 
55  provide  a  control  device  for  an  actuator  for  construc- 

tion  equipment  which  controls  inertia  load  and  power 
load. 

It  is  a  still  further  object  of  the  present  invention 
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to  provide  a  control  device  for  an  actuator  for  con- 
struction  equipment  which  prevents  voiding  of  the  tar- 
get  actuator  and  reduces  the  calorific  value  of  the  oil 
channel. 

Briefly  stated,  there  is  provided  a  device  for  con-  5 
trolling  an  actuator  of  construction  equipment  by 
means  of  directional  control  valves  which  are  modu- 
lated  by  respective  operating  levers  to  prevent  void- 
ing  of  a  target  actuator,  of  which  inertia  load  and  pow- 
er  load  are  to  be  controlled,  and  reduce  heat  gener-  10 
ated  in  its  return  oil  channel  by  means  of  controlling 
the  aperture  of  the  return  oil  channel. 

According  to  an  embodiment  of  the  invention, 
there  is  provided  a  device  for  controlling  an  actuator 
of  construction  equipment  by  means  of  directional  15 
control  valves  which  are  modulated  by  respective  op- 
erating  levers,  wherein,  a  meter-out  circuit  is  provided 
between  an  actuator  to  be  controlled  and  a  tank  line, 
said  meter-out  circuit  being  separated  from  a  meter- 
in  circuit  which  is  connected  to  said  control  valves;  20 
and  said  meter-out  circuit  includes  a  meter-out  valve 
having  a  throttle  position  and  a  large  aperture  posi- 
tion,  said  throttle  position  being  adjusted  by  external 
signals  which  correspond  to  the  strokes  of  the  respec- 
tive  operating  levers.  25 

The  above,  and  other  objects,  features  and  ad- 
vantages  of  the  present  invention  will  become  appa- 
rent  from  the  following  detailed  description  of  the 
present  invention. 

Fig.  1  is  a  hydraulic  circuit  diagram  of  an  actuator  30 
control  device  of  construction  equipment  according  to 
an  embodiment  of  the  present  invention. 

Fig.  2  is  a  characteristic  diagram  showing  corre- 
lation  between  the  area  of  the  spool  aperture  of  a  me- 
ter-out  valve  used  in  the  control  device  and  its  spool  35 
stroke  and  also  showing  correlation  between  said 
spool  stroke  and  pilot  pressure  according  to  an  em- 
bodiment  of  the  present  invention. 

Fig.  3  is  a  diagram  illustrating  correlation  be- 
tween  external  signals  representing  pilot  pressure  to  40 
the  meter-out  valve  and  operating  stroke  of  a  lever  for 
operating  a  target  cylinder  according  to  an  embodi- 
ment  of  the  present  invention. 

Fig.  4  is  a  diagram  illustrating  correlation  be- 
tween  limiter  pressure  regarding  the  above  pilot  pres-  45 
sure  and  engine  speed  which  also  illustrates  correla- 
tion  between  limiter  pressure  and  the  maximum 
strokes  of  the  operating  levers  for  operating  the  other 
actuators  according  to  an  embodiment  of  the  present 
invention.  50 

Fig.  5  is  a  prior  art  hydraulic  circuit  diagram  of  an 
actuator  control  device  of  construction  equipment. 

Referring  to  Fig.  1,  an  oil  channel  23  of  a  target 
cylinder  15a,  which  is  the  actuator  to  be  controlled,  is 
provided  with  a  check  valve  31.  Oil  channel  23  also  55 
contains  a  meter-out  valve  32,  which  is  disposed  be- 
tween  a  location  on  oil  channel  23  and  a  tank  line  16. 

Meter-out  valve  32  is  controlled  by  using  a  bal- 

ance  between  the  pushing  force  of  a  spring  34  and  ex- 
ternal  signals,  (for  example,  pilot  pressure  Pi,  sup- 
plied  from  an  external  signal  line  33).  External  signals 
are  provided  separately  from  a  line  for  controlling 
strokes  of  the  spool  of  a  directional  control  valve  14a. 

Directional  control  valve  14a,  controls  target  cy- 
linder  15a,  which  spool  is  hereinafter  referred  to  as 
cylinder  spool  14a. 

Unlike  a  conventional  fixed  throttle  (such  as  a  re- 
turn-side  throttle  25,  as  shown  in  Fig.  5),  meter-out 
valve  32,  of  the  present  invention  has  a  fully  open 
position  where  the  aperture  of  the  valve  is  sufficiently 
large. 

Meter-out  valve  32  also  has  an  adjustable  throttle 
position  during  the  medium  stroke  operation,  and  a 
fully  closed  position  where  the  valve  32  is  closed  by 
means  of  spring  34.  The  meter-out  valve  32  is  closed 
by  means  of  spring  34  when  there  is  no  pilot  pressure 
Pi. 

Thus,  there  is  no  need  to  provide  a  throttle  similar 
to  the  one  illustrated  in  Fig.  5.  With  conventional  cir- 
cuits  a  meter-out  oil  channel  24,  of  cylinderspool  14a, 
because  meter-out  valve  32  has  the  adjustable  throt- 
tle  position  and  check  valve  31  prevents  oil  return. 
Therefore,  no  throttle  is  provided  in  meter-out  oil 
channel  24. 

As  a  return  line  35  from  meter-out  valve  32  is  di- 
rectly  connected  to  tank  line  16,  permitting  oil  to  re- 
turn  there  through  to  the  tank,  it  is  not  necessary  to 
return  the  oil  to  cylinderspool  14a. 

Provided  between  a  pilot  pressure  supply  oil 
channel,  which  is  drawn  outfrom  a  pilot  pump  17,  and 
external  signal  line  33  of  meter-out  valve  32  is  a  pilot 
pressure  controller  41  for  controlling  meter-out  valve 
32  according  to  strokes  of  the  operating  levers 
through  external  signals  (pilot  pressure  Pi). 

Pilot  pressure  controller  41  includes  a  signal  line 
42  for  detecting  strokes  of  the  operating  lever  of  a  pi- 
lot  valve  19a  for  the  target  cylinder  and  inputting  re- 
sult  of  detection,  signal  lines  43/44  for  detecting  and 
inputting  strokes  of  the  operating  levers  of  respective 
pilot  valves  19b/1  9c  for  the  other  actuators,  and  a  sig- 
nal  line  46  for  inputting  the  engine  speed  detected  by 
an  engine  speed  detection  sensor  45  attached  to  an 
engine  11.  The  function  of  pilot  pressure  controller,  in 
other  words  the  method  of  processing  signals  input 
from  these  signal  lines,  is  explained  later  in  details. 

Next,  the  function  of  the  hydraulic  circuit  is  ex- 
plained  hereunder,  within  the  scope  shown  in  Fig.  1. 
When  cylinder  spool  14a  is  shifted  through  pilot  line 
al  from  the  neutral  position  shown  in  the  drawing  to 
the  extended  position  (the  lower  oil  channel)  by  bias- 
ing  the  operating  lever  of  pilot  valve  1  9a  in  the  direc- 
tion  of  a1  ,  working  fluid  is  fed  from  a  meter-in  oil  chan- 
nel  21  through  an  oil  feed  channel  22  to  the  head  end 
of  target  cylinder  15a. 

At  that  time,  return  oil  pushed  from  the  rod  side 
together  with  the  extension  of  target  cylinder  15a  oil 

3 



5 EP  0  653  519  A1 6 

flows  through  meter-out  valve  32,  which  is  switched 
and  controlled  to  the  throttle  position  or  the  fully 
closed  position  by  means  of  pilot  pressure  signals  Pi 
output  from  pilot  pressure  controller  41  according  to 
the  operation  of  the  lever  of  pilot  valve  19a,  and  dis- 
charged  through  return  line  35  to  tank  line  16. 

When  cylinder  spool  14a  is  shifted  through  pilot 
line  a2  from  the  neutral  position  shown  in  the  drawing 
to  the  contracted  position  (the  upper  oil  channel)  by 
biasing  the  operating  lever  of  pilot  valve  19a  in  the  di- 
rection  of  a2,  working  fluid  fed  from  cylinderspool  14a 
into  oil  channel  23  flows  through  check  valve  31  and 
is  directly  fed  into  a  rod-side  port  of  target  cylinder 
15a,  thereby  putting  target  cylinder  15a  in  the  con- 
traction  mode.  During  this  contraction  mode,  the  oil 
pushed  out  of  a  head-side  port  of  target  cylinder  1  5a 
is  discharged  through  oil  channel  22  and  cylinder 
spool  14a  to  tank  line  16. 

Next,  meter-out  valve  32  and  pilot  pressure  con- 
troller  41  are  explained,  as  referred  to  above  in  Figs. 
2  to  4.  As  previously  explained,  Fig.  2  illustrates  cor- 
relation  between  the  area  of  the  spool  aperture  of  me- 
ter-out  valve  32  and  its  spool  stroke  as  well  as  corre- 
lation  between  spool  stroke  of  meter-out  valve  32  and 
pilot  pressure. 

Likewise,  Fig.  3  illustrates  correlation  between 
external  signals  representing  pilot  pressure  Pi,  which 
corresponds  to  the  pilot  pressure  mentioned  above, 
and  operating  stroke  of  the  operating  lever  of  pilot 
valve  19a  for  the  target  cylinder. 

Also,  Fig.  4  illustrates  correlation  between  limiter 
pressure  which  exists  in  relation  to  pilot  pressure  Pi 
and  engine  speed  detected  by  sensor  45  as  well  as 
correlation  between  the  maximum  degree  of  the 
strokes  of  the  operating  levers  of  pilot  valves  19b/19c 
for  the  other  actuators  and  limiter  pressure. 

Once  again,  referring  to  Figs  2  to  4,  when  target 
cylinder  15a  that  is  provided  with  meter-out  valve  32 
is  operated  alone,  the  lever-operating  strokes  for  the 
other  actuators  are  zero.  Therefore,  the  maximum 
value  on  the  solid  line  representing  characteristic  val- 
ues  of  limiter  pressure  shown  in  the  right  graph  of  Fig. 
4  is  the  limiter  pressure  actually  applied,  and  a  value 
which  is  on  the  upper  line  (line  I)  representing  limiter 
pressures  corresponding  to  an  arbitrary  engine 
speed  is  adopted  as  a  limiter  value  in  Fig.  3. 

When  the  other  actuators  1  5b/1  5c  are  simultane- 
ously  operated,  the  pressure  of  the  limiter  changes 
according  to  the  degree  of  the  operation  stroke  of 
their  operating  levers  in  such  a  manner  as  to  smoothly 
deviating  from  the  line  I  towards  line  II  in  Fig.  4. 

Respective  terminal  points  D'  and  G'  on  the  up- 
per  limit  line  (line  I)  and  the  lower  limit  line  (line  II)  of 
limiter  pressures  are  slightly  greater  in  this  order  than 
the  lower  limit  (pressure  C)  for  lever  modulation 
shown  in  Fig.  3. 

Next,  the  controlling  method  and  the  function  of 
a  meter-out  valve  according  to  the  invention  is  ex- 

plained,  referring  to  Figs.  2  to  4. 
With  regard  to  Fig.  3,  the  operating  lever  of  pilot 

valve  1  9a  for  the  target  cylinder  is  operated  within  the 
modulation  range  between  lever  stroke  points  E  and 

5  F  in  order  to  control  pilot  pressure  Pi  between  pres- 
sure  point  C,  which  is  identical  to  the  valve  opening 
pressure  of  meter-out  valve  32,  and  pressure  point  D, 
which  is  identical  to  the  full  aperture  pressure. 

At  that  time,  in  cases  where  the  engine  speed  be- 
10  comes  lowwhen  the  operating  lever  for  target  cylinder 

1  5a  is  operated  to  the  full  stroke,  i.  e.  point  F,  the  max- 
imum  value  of  pilot  pressure  Pi  shown  in  Fig.  3  is  lim- 
ited  by  limiter  pressure  defined  by  line  I  in  Fig.  4.  In 
cases  where  the  engine  speed  is  low  and  another  ac- 

15  tuator  or  other  actuators  are  operated  by  means  of 
their  respective  operating  levers,  the  maximum  value 
of  pilot  pressure  Pi  shown  is  also  limited  by  limiter 
pressure  which  is  determined  by  either  line  II  in  Fig. 
4  or  intermediate  characteristics  between  lines  I  and 

20  II.  Therefore,  instead  of  being  fully  opened,  meter-out 
valve  32  is  maintained  at  the  throttle  position  corre- 
sponding  to  the  limiter  pressure  as  shown  in  Fig.  2 
and  consequently  prevents  voiding  of  target  cylinder 
15a  which  may  otherwise  be  caused  by  insufficient 

25  working  fluid. 
In  cases  where  the  engine  speed  is  high  and  nei- 

ther  of  the  other  actuators  15b/15c  is  operated,  the 
limiter  value  is  at  point  D  and  identical  to  the  full  aper- 
ture  pressure,  wherein  meter-out  valve  32  is  fully 

30  open.  As  a  large  quantity  of  oil  is  able  to  flow  without 
being  throttled,  there  is  no  danger  of  generation  of  ex- 
cessive  heat  loss. 

Having  described  preferred  embodiments  of  the 
invention  with  reference  to  the  accompanying  figures, 

35  it  is  to  be  understood  that  the  invention  is  not  limited 
to  those  precise  embodiments,  and  that  various 
changes  and  modifications  may  be  effected  therein 
by  one  skilled  in  the  art  without  departing  from  the 
scope  or  spirit  of  the  invention  as  defined  in  the  ap- 

40  pended  claims. 

Claims 

45  1.  A  device  for  controlling  an  actuator  of  construc- 
tion  equipment  comprising:  a  plurality  of  means 
for  directional  control  and  a  meter-in  circuit  con- 
nected  to  said  means  for  directional  control;  and 
characterized  by  a  plurality  of  signal  lines  for  de- 

50  tecting  operation  of  the  respective  means  for  di- 
rectional  control,  a  meter-out  circuit  provided  be- 
tween  the  actuator  to  be  controlled  and  a  tank 
line  and  including  an  adjustable  throttle  control- 
led  in  accordance  with  the  signals  from  said  sig- 

55  nal  lines. 

2.  A  device  for  controlling  an  actuator  of  construc- 
tion  equipment  as  claimed  in  claim  1,  wherein 

4 
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said  plurality  of  means  for  directional  control 
comprise  lever  operated  pilot  valves. 

A  device  for  controlling  an  actuator  of  construc- 
tion  equipment  according  to  claim  2,  wherein  said  5 
signals  include  signals  which  correspond  to  the 
strokes  of  said  respective  operating  levers. 

A  device  for  controlling  an  actuator  of  construc- 
tion  equipment  according  to  any  preceding  claim,  10 
wherein  said  throttle  is  controlled  in  accordance 
with  the  speed  of  rotation  of  an  engine  for  driving 
the  hydraulic  source  and  the  degree  of  operation 
of  the  operating  levers  for  the  other  actuators. 

15 
A  device  for  controlling  an  actuator  of  construc- 
tion  equipment  as  claimed  in  claim  4,  further 
comprising: 

a  pilot  pressure  controller  for  controlling 
said  meter-out  valve  according  to  strokes  of  said  20 
operating  levers  and  speed  of  rotation  of  said  en- 
gine  through  external  signals. 

A  device  for  controlling  an  actuator  of  construc- 
tion  equipment  as  claimed  in  claim  5;  wherein  25 

said  device  is  arranged  to  prevent  voiding 
of  a  target  actuator,  by  controlling  inertia  load  and 
power  load  and  reducing  heat  generated  in  a  re- 
turn  oil  channel,  by  controlling  the  aperture  of 
said  return  oil  channel.  30 
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